ABSTRACT
INTRODUCTION
One viable alternative for the treatment of extensive craniobuccofacial bone defects or of defects that are difficult to repair is the use of demineralized allogenic bone matrix graft submitted to special procedures for the elimination of potential matrix antigen radicals 10, 25, 26 . This therapeutic alternative has been proposed based on the pioneering discovery that organic bone matrix contains numerous soluble protein factors able to induce heterotopic osteogenesis by the mechanism of endochondral ossification 17, 19, 23 . The matrix proteins, called bone morphogenetic proteins or BMPs, have been
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Despite the enormous scientific advances in the area of bone biology which have opened new perspectives for the treatment of perennial bone lesions, lyophilized human bone matrix continues to be widely used, especially in the field of dentistry. Thus, it is important to broaden the basic understanding of osteogenesis induced by allogenic bone matrix.
In the present morphometric study, we analyzed heterotopic osteogenesis induced by allogenic demineralized bone matrix implanted into the perimysium of the thigh muscle of mice by quantifying the disappearance of graft matrix, accumulation of cartilage, bone matrix and myeloid tissue, and growth of cartilage and bone cell populations. Radiographic control and qualitative histological analysis were also performed.
MATERIAL AND METHODS
Fifty-four fifty-day-old male Swiss mice weighing about 40g, obtained from the Central Animal House of the Bauru Dental School, were studied, with the animals receiving pelleted Purina ration and water ad libitum throughout the experiment.
Eighteen animals were sacrificed in order to obtain the femurs used for the preparation of the block allogenic grafts of demineralized bone matrix. The remaining 36 animals were submitted to surgery for the implantation of the graft into the adductor muscle of the right thigh.
Preparation of the demineralized bone matrix graft
The epiphysis was removed from the collected femurs and the material was rigorously cleaned and stored under refrigeration at -18 o C. The femurs were then demineralized in 0.6 M HCl under monitoring every 2 h by radiography, neutralized in 0.9% saline, cut into uniform 6mm long segments, and stored in 70% ethanol for a maximum period of three days 26 .
Surgical procedures of graft implantation
Under general anesthesia with intraperitoneal injection of ketamine/xylazine (Agribrands do Brasil Ltda), all experimental animals were submitted to trichotomy of the right thigh, with a 1-cm incision being made in the tegmentum of the region with a N o . 11 surgical knife ( Figure 1A ) after vigorous disinfection with iodophor alcohol. The perimysium that separates the two bundles of the thigh adductor muscle was then pulled apart with scissors ( Figure 1B ), thus forming a pocket that received the graft ( Figure 1C 
General histological procedures
Mice of the experimental group were sacrificed by injection of an overdose of the anesthetic 2, 5, 7, 14, 21 and 28 days after graft implantation (six animals/period). After radiography, the implanted graft of each animal with surrounding reactional tissue was collected and fixed in 10% phosphatebuffered formalin for one week. The specimens were then demineralized in Morse solution (50% formic acid and 20% sodium citrate, 1:1), dehydrated in ethanol, cleared in xylene, and embedded in Histosec (paraffin + synthetic resin, Merck). The specimens were cut into 5µm thick alternating sections at 100µm intervals and stained with hematoxylin-eosin.
Morphometric analysis
A)Determination of volume density Volume density, defined as the volume fraction of the entire graft occupied by a given component (demineralized matrix, resorption area, cartilage tissue, bone tissue and myeloid tissue), was determined with a digitalized Zeiss image analysis system consisting of an Axioskop 2 microscope, a Sony CCD-IRIS-RGB camera, Kontron K-300 software and an IBM microcomputer. Images from 25 histological fields selected by systematic randomization were captured on the microcomputer. In these images, the area of the graft occupied by each structure (Ai) and the total area examined (A) were determined, and the volume density (Vvi) of each type of structure was calculated according to the relation Vvi = AAi = Ai/A (WEIBEL 32 , 1969) .
B)Determination of the number of cartilage and bone cells in the graft
The number of cells per mm 3 graft was determined by counting under a light microscope using a Zeiss integration II grid placed in a Zeiss Kpl 8X eyepiece and a Zeiss 100X oil immersion objective. The number of images of nuclei (n) of each cell type and the number of intersections (c) between these nucleus images and the ten parallel lines of the grid were counted in histological fields per fifty animals selecteds by systematic randomization. The number of cells (N) of each cell type was calculated according to the following formula:
(Aherne and Dunnil 1 ), where A = total area examined, d = distance between grid lines, t = section thickness, and Vp = processed volume.
Statistical analysis
All morphometric results were compared between groups by analysis of variance (ANOVA) and means were contrasted by the Student-NewmanKeuls test using the Sigma Stat for Windows software (Jandel Scientific), with the level of significance set at 1 and 5%. Volume density values were submitted to statistical analysis after arc-sin transformation of the original data.
RESULTS

Radiographic results
Analysis of the radiographs obtained from the thigh region of animals submitted to allogenic graft implantation did not show any radiodense image indicative of new bone formation at 2, 5, 7 or 14 days post-implantation (see image of the last period in Figure 2a ). In contrast, at 21 days, a thin radiodense line parallel to the femur was observed ( Figure. 
Morphologic results
At two days post-implantation, the old bone nutrient canals and lacunae of the osteocytes present in the graft were empty and the space of the medullary canal was filled with blood clots. Blood clots and an acute inflammatory infiltrate rich in polymorphonuclear neutrophils were observed outside the matrix. At five and seven days post-implantation, the graft was still intact without signs of resorption on the external and internal surface or inside the old nutrient canals. The medullary canal showed traces of blood clots characterized by a fibrin network and scattered blood cells and a network of fibroblast-like mononuclear cells close to the newly formed vessels. Outside, thick, dense capsule-like connective tissue, rich in blood vessels and fibroblast-like elongated cells arranged in layers parallel to the graft surface, was noted.
At 14 days ( Figures 3A-D) , the graft already showed signs of mononuclear cell-mediated resorption both on the external and internal surface, and areas of intensely basophilic cartilage tissue, mainly close to the old bone nutrient canals,
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Confirming the radiographic images, new bone formation was detected in all animals at 21 days post-implantation ( Figure 4A-D) . Some animals showed numerous resorption areas inside the graft, with the formation of new bone and bone marrow in these areas, while the medullary canal was found to be resorbed and covered with loose connective tissue. In other animals, only small resorption areas were observed inside the graft, while its internal surface facing the old medullary canal was found to be resorbed and covered with newly formed bone tissue, with some bone trabeculae invading the connective tissue filling the old medullary canal which, in these cases, contained large amounts of myeloid tissue. A now thinner, fibrous external capsule was observed in all animals. A similar histological picture was observed 28 days after graft implantation, showing only an increase in the resorption areas and increased formation of new bone and myeloid tissue. 
Morphometric results
The volume density (%) of the various graft components and the number of cartilage and bone cells involved in the heterotopic osteogenesis induced in mouse muscle are shown in Figures. 5  and 6 , respectively. Only 16% of the graft volume was resorbed 28 days after implantation. Resorption areas started to occur by day seven, occupying 0.4% of the graft matrix volume and increasing continuously about 12 times up to day 28 post-implantation, when they occupied 5% of the graft volume. Cartilage tissue was first detected on day 14 post-implantation in relatively large amounts, occupying 5% of the graft volume and containing 3.8 x 10 2 chondrocytes/mm 3 , the maximum matrix and cell quantity observed throughout the experiment. The formed hyaline cartilage and the number of chondrocytes then decreased substantially, occupying only 0.3% of the graft volume and containing 0.6 x 10 2 chondrocytes/mm 3 at the end of the 28-day observation period. Concomitantly with the presence of cartilage tissue on day 14 post-implantation, a small quantity of bone tissue was observed, occupying 0.4% of the graft volume and containing 0.2 x 10 2 cells (osteoblasts + osteocytes)/mm 3 graft. During the subsequent periods, coinciding with the disappearance of hyaline cartilage and chondrocytes, the amount of bone tissue and the number of bone cells increased about 15 and 32 times, respective- ly, occupying 6% of the graft volume and containing 6.4 x 10 2 cells/mm 3 graft at the end of the 28-day study period. Myeloid tissue associated with the graft matrix (the tissue observed in the old medullary canal was not included in the quantification) was first detected in small amounts on day 21 post-implantation (occupying 0.07% of the graft volume) and significantly increased up to the end of the study period (occupying 7% of the graft volume). 
DISCUSSION
Since the 1960s it has been known that allogenic organic bone matrix is able to induce new bone formation when implanted at heterotopic sites, i.e., non-bone connective tissue such as subcutaneous tissue and perimysium, and also at orthotopic or bone sites 6,7,11,29.30 . This inductive capacity is related to the presence of proteins, called BMPs, belonging to a group of TGF-ß growth factors, inside the bone matrix which, when released into richly vascularized connective tissue, induce the morphogenetic phase of osteogenesis by endochondral ossification, i.e., a cascade of events comprising chemotaxis, migration and proliferation of undifferentiated mesenchymal cells, cytodifferentiation of chondrocytes and chondrogenesis, vascular invasion and neovascularization, cytodifferentiation of osteoblasts and new bone formation, and the occurrence of myeloid tissue 18, 29 .
The experimental model of osteoinduction at heterotopic sites, notably connective tissue associated with skeletal muscle due to its high degree of vascularization 12, 35 , has been used to determine the osteogenic potential of bone matrix as graft material and of other natural or synthetic osteoinductive materials and proteins 2, [4] [5] 8, 22, 28 , and also as a system to study osteogenesis and factors that interfere with new bone formation and regulation of bone metabolism 15, 16 . Despite its widespread use as a study and biological test model, the morphometric parameters of the events that occur during heterotopic osteogenesis in muscle connective tissue of laboratory animals such as mice, the most widely used species in tests of osteoinductive biomaterials, have not yet been established.
In the present study, initial formation of new bone tissue by endochondral ossification was demonstrated by histology in all animals of the 14-day post-implantation group, and by radiographic
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Cienc Odontol Bras 2004 jan./mar.; 7 (1): [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] and histological analysis in the subsequent groups, confirming other studies on rabbits and rats in muscle and subcutaneous sites 3, 23, 27, 29, 36 . However, the total amount of newly formed bone tissue observed here was very small compared to these investigations. These differences might be related to the relatively young age of the animals that provided the allogenic grafts. Jergesen et al. 8 in 1991, demonstrated that bone matrix from eight-monthold rats possessed a markedly higher inductive capacity than that obtained from one-month-old animals. Within the same context, preliminary results of studies carried out in our laboratory showed that bone proteins isolated and purified from fetal bovine bone with the molecular weight of BMPs (1 8 kDa) are unable to induce heterotopic or orthotopic osteogenesis in rats.
Another possibility to explain these difference is the technique used for allogenic matrix preparation and the shape of the graft (particle or block). Preparation techniques differ in terms of the number of solvents used to remove non-collagenous proteins and in terms of the presence or absence of endogenous protease inhibitors. On the other hand, the geometry of the implant affects its osteoinductive capacity due to variations in its surface area 21 . Cartilage tissue was also initially detected by day 14 at the highest quantity observed throughout the experiment, indicating its occurrence during an intermediate period between day seven and day 14 post-implantation. Reddi & Anderson 17 , 1976 , in the rat, observed that chondrocyte differentiation starts by day five, followed by a marked increase in this cell population seven to eight days after implantation of the graft. It should be noted that during heterotopic osteogenesis induced by matrix BMPs the hyaline cartilage formed undergoes calcification accompanied by the death of chondrocytes and gradual disappearance of the tissue, which is replaced with newly formed bone tissue, i.e., followed by the events of embryonic and fetal endochondral ossification 3 .
In the present study, hyaline cartilage and chondrocytes had almost completely disappeared at the end of the 28-day study period. On the other hand, the number of bone cells (osteoblasts + osteocytes), which were first detected in a small numbers on day 14 together with a minute amount of radiographically undetectable newly formed bone matrix, showed a significant 32-fold increase 28 days after implantation, accompanied by a 15-fold increase in the quantity of newly formed bone matrix.
Another event associated with BMP-induced osteogenesis is the late formation of myeloid tissue close to the newly formed bone. Bone marrow was only detected on day 21 post-implantation, associated with areas of ossification in the graft matrix and with the old medullary canal, but had increased significantly (more than 95 times) at the end of the 28-day observation period.
CONCLUSION
The present results permit us to conclude that only a small part (16%) of the allogenic demineralized block bone matrix implanted into the connective tissue of the perimysium of the mouse thigh adductor muscle is resorbed within the first 28 days after implantation. However, during this resorption process the matrix is able to induce all events of the endochondral ossification cascade, with the formation of new bone tissue occupying 6% of the graft volume and containing 6.4 x 10 2 cells (osteoblasts + osteocytes)/mm 3 graft.
ACKNOWLEDGMENTS
The authors are grateful to Danielle Santi Ceolin for technical assistance and to Beonildes Teresinha Ruiz Correia for typing the manuscript. 
RESUMO
A osteogênese heterotópica induzida por enxerto de matriz óssea alogênica no perimísio de músculo de camundongos foi avaliada radiográfica, morfológica e morfometricamente. o dia, com uma densidade de volume de 0,4% e 0,2 x 10 2 células/mm 3 , aumentando ao redor de 15x e 32x, respectivamente, ao final de 28 dias, passando a ocupar 6% do volume do enxerto e a exibir 6 x 10 2 células/mm 3 . Concluímos que apesar do percentual relativamente baixo de reabsorção da matriz enxertada (total de 16%), este foi capaz de induzir todos os eventos em cascata da osteogênese por ossificação endocondral, i.e., formação e posterior desaparecimento de cartilagem hialina, diferenciação de osteoblastos e a neoformação óssea, e formação mais tardia de medula óssea hematógena.
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